We construct a sample of X-ray bright optically faint active galactic nuclei by combining Subaru Hyper Suprime-Cam, XMM-Newton, and infrared source catalogs. 53 X-ray sources satisfying i band magnitude fainter than 23.5 mag and X-ray counts with EPIC-PN detector larger than 70 are selected from 9.1 deg 2 , and their spectral energy distributions (SEDs) and X-ray spectra are analyzed.44 objects with an X-ray to i-band flux ratio F X /F i > 10 are classified as extreme X-ray-to-optical flux sources. SEDs of 48 among 53 are represented by templates of type 2 AGNs or starforming galaxies and show signature of stellar emission from host galaxies in the optical in the source rest frame. Infrared/optical SEDs indicate significant contribution of emission from dust to infrared fluxes and that the central AGN is dust obscured. Photometric redshifts determined from the SEDs are in the range of 0.6-2.5. X-ray spectra are fitted by an absorbed power law model, and the intrinsic absorption column densities are modest (best-fit log N H = 20.5 − 23.5 cm −2 in most cases). The absorption corrected X-ray luminosities are in the range of 6 × 10 42 − 2 × 10 45 erg s −1 . 20 objects are classified as type 2 quasars based on X-ray luminsosity and N H . The optical faintness is explained by a combination of redshifts (mostly z > 1.0), strong dust extinction, and in part a large ratio of dust/gas.
Introduction
Supermassive black holes (SMBHs) lurking in the nuclei of galaxies have grown through mass accretion and merging. SMBHs are observed as active galactic nuclei (AGNs) and the peak of their number densities are at redshift z ∼ 2 for quasars and 0.7-0.8 for Seyferts (Ueda et al. 2003 , 2014 . The redshifts around these peaks are a key epoch in understanding the evolution of SMBHs. In order to sample whole populations of SMBHs in this epoch, it is mandatory to perform multi-wavelength surveys to avoid selection biases as much as possible. In particular, obscured AGNs, which are believed to constitute a large fraction of AGNs and a key stage of AGN evolution, are biased against conventional surveys using the UV and optical bands.
Modern surveys combining the optical, infrared, and X-rays indeed reveled the presence of various classes of AGN that could be missed in conventional optical surveys. Extragalactic X-ray surveys have shown the presence of optically faint populations with X-ray (2-10 keV) to optical (R band) ratio FX/FR > 10, which are more than one order of magnitude fainter in the optical compared to ordinary AGN populations (e.g., Brandt & Hasinger 2005) . Fiore et al. (2003) pointed out that 20% of X-ray sources found in Chandra or XMM-Newton surveys are FX/FR > 10. Such an X-ray bright but optically faint population is of great importance in understanding the nature and evolution of AGNs. The optical faintness could be caused by significant dust extinction, 4000Å/Balmer break or Lyman break shifted to infrared bands, or a combination of both (e.g., Hornschemeier et al. 2001 , Rigby et al. 2005 . The population with a significant amount of dust might be AGNs with the ongoing growth embedded in a large amount of gas and dust (e.g., Hopkins et al. 2008) . If 4000Å/Balmer break is shifted to infrared band, redshifts are inferred to be greater than unity that coincides with the peak of the number density of luminous Seyfert galaxies and quasars.
X-ray bright optically faint AGNs are found and studied in various X-ray surveys. Brand et al. (2006) studied X-ray and optical properties of 773 Chandra X-ray sources with FX/FR > 10 in the XBoötes field of 9.3 deg 2 and found that they have redder color in the optical and harder X-ray spectra than those of the X-ray source population with 0.1 < FX/FR < 10, where Xray flux is measured in the 0.5-7 keV band. This result implies that the optically faint sources are obscured AGNs, although detailed studies of individual X-ray spectra are not possible for most objects because of the shallow Chandra pointings of 5 ksec exposure. Rigby et al. (2005) compiled 20 X-ray sources with FX/FR > 10 in a part of the Chandra Deep Field South and show that most of them (17/20) indicate an apparently flat Xray slope (Γ < 1.4). Civano et al. (2005) present results of analysis of stacked X-ray spectra of high X-ray/optical ratio sources in the Chandra Deep Fields North and South and found a very flat slope with a photon index of ≈ 1.0 independent of source flux. Individual spectral fits of brightest objects imply absorption column densities of 10 22 − 10 23.5 cm −2 . Rovilos et al. (2010) analyzed X-ray spectra of optically faint sources and found that majority (27/35) are absorbed by NH > 10 22 cm −2 . Three among them are candidates for Compton-thick
AGNs. The stacked spectrum of the 35 sources is flat with a photon index of ≈ 0.9. Perola et al. (2004) analyzed X-ray spectra of 24 objects with FX/FR > 10 found in the HELLAS2XMM survey covering 1 deg 2 with a flux limit of FX ≈ 10 −14 erg s
in 2-10 keV. 17 among them are absorbed by a hydrogen column density of NH = 10 22 − 6 × 10 23 cm −2 , while NH for the rest are less than 10 22 cm −2 . They found also that the fraction of highly absorbed sources becomes greater for larger FX/FR sources. Tajer et al. (2007) found that 20% of 124 X-ray sources with measured NH in the XMM-Newton Medium Deep Survey (XMDS), which covers 1 deg 2 with a flux limit of FX ≈ 10 and X-ray luminosity in 2-10 keV LX > 10 44 erg s −1 ).
Della Ceca et al. (2015) utilized the second XMM-Newton serendipitous source catalogue and optical imaging data to find seven extreme optical-to-X-ray ratio objects (FX/FR > 50) with an X-ray flux greater than 1.5×10 −13 erg cm −2 s −1 . Three and two of the seven sources are classified as type 2 quasar, and BL Lac objects, respectively. The rest are unidentified but indicate obscured quasar nature. The X-ray spectra of the three identified type 2 quasars are represented by a power law absorbed by Compton-thin matter. Thus previous observations of optically faint AGNs suggest that most of them are absorbed AGN, while less absorbed AGNs are also present.
Optical to infrared spectral energy distributions of X-ray bright optically faint sources tend to be very red (Rigby et al. 2005) . R − K or V606 − Ks colors of majority of them are extremely red (> 5) (Rovilos et al. 2010 , Brusa et al. 2010 . Optically faint sources also tend to be bright in mid-infrared relative to the optical bands if detected in the mid-infrared band. 24 µm to R-band flux ratios (F24/FR) of some sources exceed 1000 (Lanzuisi et al. 2009 , Brusa et al. 2010 , Della Ceca et al. 2015 , which is a criterion of dust-obscured galaxies (Dey et al. 2008) . Among 43 objects with F24/FR > 2000 in the sample of Lanzuisi et al. (2009) , at least 23 are X-ray bright optically faint for example. Thus strong infrared emission relative to the optical is also a property of this population and implies an important role of dust obscuration in at least objects with infrared detections.
In this paper, we report a new sample of X-ray bright optically faint AGNs selected by combining Subaru Hyper Suprime-Cam (HSC: Miyazaki et al. 2012 ) Subaru Strategic Program (SSP: Aihara et al. 2017a, b) , XMM-Newton, and infrared surveys (Spitzer and UKIRT Infrared Deep Survey), and discuss their nature. The large area and survey depth of HSC enable us to construct a large sample of rare populations and to constrain the spectral energy distributions (SED) of optically faint sources. This paper is organized as follows. Section 2 describes the data sets. Section 3 explains the procedure of the sample selection. Sections 4 and 5 provide results of analysis of SEDs in the optical and infrared bands, and X-ray spectra, respectively. Discussions about the nature of the sample is given in Section 6. Section 7 summarizes our findings. We adopt cosmological parameters of H0 = 70 km s
and ΩΛ = 0.7. All magnitudes refer to the AB system.
The data

X-ray
The XMM-Newton Large Scale Structure Survey (LSS: Pierre et al. 2004 ) and its extension (the Ultimate XMM-Newton survey, XXL; Pierre et al. 2016 ) are X-ray surveys covering a large consecutive fields (25 deg 2 in the northern field), which enable us to study large scale structures and to find rare X-ray emitting populations. We use a part of the XXL northern field covered by HSC and Spitzer space telescope. The catalogs used in our analysis are summarized in table 1. The XMM serendipitous source catalogue data release 6 (3XMM-DR6: Rosen et al. 2016 ) is used as an X-ray source catalog. The 3XMM-DR6 catalog utilizes XMM-Newton observations performed by 2015 June 4, and contains some pointed observations in the XXL region with a longer exposure time than those of the original survey. Thus we fully utilize X-ray sources detected in such additional pointings. Since our aims are to select X-ray bright optically faint sources and understand their nature, we use objects with X-ray counts obtained with the EPIC-PN detector in 0.2-12 keV listed in the 3XMM-DR6 catalogue greater than 70 so that X-ray spectral fits can be performed. This count limit roughly corresponds to an X-ray flux of ∼ 10 −14 erg s −1 cm −2 in the 2-10 keV band, though conversion to an X-ray flux depends on exposure time and assumed X-ray spectra. If an X-ray source is observed more than twice, the observation giving largest X-ray counts is used.
We retrieved Observation Data Files (ODF) of XMM-Newton for all the candidates for optically faint population selected in section 3. The ODF were reprocessed using the XMM-Newton Science Analysis Software (SAS) version 14.0.0 and Current Calibration Files (CCF) as of 2015 Oct. 20. We made light curves of whole field of view in the 10-12 keV excluding bright X-ray sources to examine stability of background, where only PATTERN 0 events were used. We excluded time intervals with high background rates. Then we made X-ray images in the 0.5-2, 2-10, and 0.5-10 keV bands, and examined the brightness of candidate X-ray sources selected by matching X-ray, 3.6 µm, and i bands as described in section 3.3. In some cases, no X-ray source is clearly visible in the images and are excluded from our sample. If the X-ray source counts after the data screening become smaller than 70 counts per EPIC-PN, they are also excluded.
Subaru HSC
We use the optical imaging survey performed with HSC. The XMM-XXL region is covered by the wide layer of the HSC survey in the ongoing SSP. The wide layer of the HSC survey conducts imaging with the five bands (g,r,i,z, and y), for which the limiting magnitudes (5σ) are 26.8, 26.4, 26.4, 25.5, and 24.7 , respectively. The source catalogs selected in the i band and images taken from the data release S15B are used in the following analysis. All the magnitudes are corrected for Galactic extinction according to Schlegel et al. (1998) . Cmodel magnitudes are used in all the analysis unless otherwise noted. Among the five filter bands, we use i-band data for our sample selection because of the following reasons. Most of previous studies of X-ray bright optically faint populations utilized the R band. By using the i band centered at a longer wavelength, we expect to detect objects with a higher redshift if the cause of the optical faintness is the 4000Å/Balmer break or Lyman break. Secondly, the limiting magnitude is the best among the three bands (i, z, and y) redder than the R band. Thirdly, the iband data are taken under a good seeing condition with a point source FWHM < 0.
′′ 7, which enables us to better quantify extendedness. After performing sample selection using i band, all the five band data are used to study SEDs and photometric redshifts.
Infrared
Infrared data are useful to better identify more likely counterparts of X-ray sources as used in multi-wavelength surveys (e.g., Brusa et al. 2007 , Civano et al. 2012 , Akiyama et al. 2015 , Marchesi et al. 2016 . A part of the XMM-XXL region is observed by the Spitzer Infrared Array Camera (IRAC) and Multiband Imaging Photometer (MIPS). We required Xray and HSC sources are in the area covered by the Spitzer IRAC 3.6 µm band public catalog of the Spitzer Wide-Area Infrared Extragalactic Survey (SWIRE: Lonsdale et al. 2003 , Surace et al. 2005 Lawrence et al. 2007) are also used to better constrain the spectral energy distributions and photometric redshifts, if available. The photometric catalog of the UKIDSS data release 10 plus for the two survey layers, Deep Extragalactic Survey (DXS) and Ultra Deep Survey (UDS), are used in our analysis. Photometric data in the J and K bands are available for the former and the latter is covered by the J,H, and K bands. The limiting magnitudes (5σ) of DXS are 23.2-23.3 (J band) and 21.2-22.8 (K band) (Warren et al. 2007 ), while those of UDS are 25.7, 25.2, and 24.8 for the J, H, and K, bands, respectively. All the UKIDSS photometric data are corrected for Galactic extinction (Schlegel et al. 1998 ).
Selection
Candidates for X-ray Bright Optically Faint Sources
Candidates for X-ray bright optically faint sources were selected by matching X-ray and i-band sources. In the following procedure, i-band sources after deblending (deblend nchild=0) were used. First we selected all the i-band sources within 4 ′′ from the position of X-ray sources.
96.5% of the X-ray sources in the XMM-XXL with EPIC-PN counts > 70 in 0.2-12 keV have a positional uncertainty smaller than 4 ′′ . Then we examined detection flags for the selected i-band sources, and required that all the sources within 4 ′′ from an X-ray source are "cleanly" detected in the i band. We used the following criteria for "clean" detection as used in Toba et al. (2015) : (1) Details about the detection flags are given in Aihara et al. (2017b) .
At the limiting magnitude of the HSC survey, there are non negligible number of nearby i-band sources unrelated to an X- ray source, and a simple selection of a source nearest to an Xray source could result in wrong identifications. For the X-ray sample matched with 3.6 µm sources constructed in section 3.2, 32% of X-ray sources have two or more i-band sources within 4
′′ from an X-ray source position. We use infrared data to better identify the most probable i-band counterpart to an X-ray source as described in the next subsection.
Matching X-ray and infrared sources
In order to find most probable i-band counterparts to X-ray sources, we use infrared data because of the following reasons.
In the optical/infrared identifications of X-ray selected sources using quantitative criteria (likelihood ratios and reliabilities), near infrared (K or 3.6 µm) sources are more likely to be associated with X-ray sources compared to selections using likelihood ratios simply calculated in the optical (Brusa et al. 2007 , Akiyama et al. 2015 . Our main targets, X-ray bright optically faint sources, could be partly missed if likelihood ratios in the optical are used since the likelihood selection tends to choose a bright optical source (e.g., Brusa et al.2007 ). Secondary, previous X-ray surveys show that objects with a large X-ray/optical ratio tend to have red infrared/optical colors (Mignoli et al. 2004 , Brusa et al. 2010 . Thirdly, positional uncertainties of Spizter 3.6 µm sources are much smaller than those for X-rays, and identification processes between i band and 3.6 µm are easier than directly matching X-ray and i-band sources.
We utilize a catalog of 3.6 µm sources to first identify infrared counterparts to X-ray sources, and then match infrared and i-band sources. The 3.6 µm band is used because of its best point spread function and sensitivity among the Spitzer IRAC (3.6, 4.5, 5.8, 8.0 µm) distribution is almost identical to that of X-ray positional errors, indicating the positional uncertainties are dominated by X-ray positional error. We regard infrared sources nearest to X-ray sources are infrared counterparts to X-ray sources if the separation is smaller than 4 ′′ . There are 432 pairs of X-ray and 3.6 µm sources after this matching process. The expected number of an unrelated 3.6 µm source located within 4 ′′ from an X-ray source position is 0.12. The separations between the 3.6 µm and X-ray positions of 49 out of the final sample consisting of 53 objects (section 3.3) are less than 2 ′′ . The expected number of chance coincidence of an infrared source within 2 ′′ from an X-ray source position is 0.03.
Matching 3.6 µm and i-band sources
The i-band sources nearest to the 3.6 µm sources selected in section 3.2 are regarded as the counterparts of the pairs of X-ray and 3.6 µm sources. If i-band magnitude of a selected source is brighter than 23.5, they are excluded from our sample. 77 objects are selected after this screening. We examined their Xray images and found that 24 among 77 objects are not clearly visible in X-ray images or X-ray counts are smaller than 70 after data screening. After excluding these sources, 53 X-ray sources with 3.6 µm and i-band counterparts are selected as the final sample.
Examples of i-band and 3.6 µm images are shown in figure2. There is only one i band and 3.6 µm sources near the Xray position of 3XMM J021614.5−050351. In the i-band image around 3XMM J022421.1−040355, there are three i-band sources at a similar distance from the X-ray source, but there is one bright source in 3.6 µm. The i band source nearest to this 3.6 µm source is regarded as the true counterpart.
In three cases (3XMM J021744.1−034531, 3XMM J021825.6−045945, and 3XMM J022504.5−043706), there are two i-band sources at similar distances from an infrared source, i.e., the difference of the separations is less than 0.
′′ 5. We examined their i-band images and found that an infrared peak is located in the middle of two i-band sources. We tentatively assign the i-band source nearest to 3.6 µm source as a counterpart. Note that such an infrared source might be a combination of emission from the two i-band sources, or from an interface between two i band sources (e.g., interacting galaxies). i-band and 3.6 µm images of the latter two objects are shown in figure2 as examples. The full set of i band and 3.6 µm images is presented in the Appendix of the electronic version of this paper.
Matching 3.6 µm and J, H, K band sources
In order to better constrain the spectral energy distributions (SEDs), near infrared catalogs obtained in the UKIDSS are matched with our sample. We selected the K band source nearest to the position of 3.6 µm sources as a counterpart, and then J (and H when availble) band photometry for the same sources are compiled. Among the 53 sources in our sample, 24 and 15 objects are detected in at least one near infrared band in the DXS and UDS fields, respectively, in the UKIDSS.
Spectral energy distribution and photometric redshift
Using the results of multiwavelength matching described in the previous section, we constructed SEDs in the optical and infrared bands for our sample. We performed SED fits using templates of various types of galaxies and obtained photometric redshifts. The HYPERZ code (Bolzonella et al. 2000) was used to perform chi-square minimization fits. We used the templates compiled by Polletta et al. (2007) . The templates are categorized into the three broad classes type 1 AGN (AGN1), type 2 AGN (AGN2), and starforming galaxy (SF). The AGN1 class contains the three templates BQSO1, QSO1, Templates of seven normal spiral/lenticular galaxies (S0, Sa, Sb, Sc, Sd, Sdm, Spi4) and three starburst templates Arp 220, M82, and NGC 6090 (N6090) are in the SF class. Templates of elliptical galaxies were also examined. In order to represent the difference of extinction among objects in our sample and these templates, additional extinction up to AV = 2.0 was allowed in the fits unless otherwise noted, and the reddening law of Calzetti et al. (2000) was assumed.
All the available bands were first used in the fits. Our template fits provided good description of the overall SED for 34 among 53 objects. The results of these fits are summarized in table 2. We inspected the fitting results and found that in the rest of the cases (19 objects) the model giving χ 2 minimum does not adequately describe the data particularly around a spectral break seen in 8000-11000Å in the observed frame. In order to fit such structures, we first fitted their SEDs using K and shorter bands to better constrain its photometric redshift using the spectral break for objects with available K band photometry. The optical to near infrared SEDs up to K band in 9 objects are described by these fits. The model SEDs underpredict infrared excess in the Spitzer bands except for one object (J021410.3−040224), indicating the presence of strong emission from dust in addition to the component described by the template. The SED of J022410.3.0−040224 is described by the TQSO1 template up to the K band if extinction of AV =2.3 is allowed. This model slightly over predict infrared fluxes at 4.5 and 5.8 µm by 0.2 dex. The fit results using SED up to K band are shown in table 2, where objects showing infrared excess are denoted as "template name + IR".
In the rest of the objects, the optical-NIR features were not satisfactory described by above trials. Six objects are fitted by restricting the redshift range to z = 1 − 2, in which local minima of χ 2 are obtained, using full band SED. A model giving a local minimum in the redshift range z = 2 − 3 describes the SED of one object (J022331.0−044234). One object (J021634.3−050724) is fitted by restricting z to 1 − 2 and using SED up to K band. The overall spectral shape and the break features in two objects are explained by using the template of Mrk 231 (J021744.1-034531 and J022330.8-044632). These results are also summarized in table 2.
The templates used in the SED fits are classified into three classes AGN1, AGN2, or SF. These classifications are also shown in table 2. The results show that only a very small fraction (5 out of 53) are classified as AGN1 and most of objects are explained by AGN2 or SF templates. None are represented by templates of early type galaxies. figure 3 shows the normalized SEDs in the source rest frame adopting the photometric redshifts determined from the fits. The availble data points are connected by a solid line for each source. In figure 3, SEDs are divided into four groups by templates; AGN1, Mrk 231, AGN2 excluding Mrk 231, and SF. The group of Mrk 231 is separately shown for clarity because a large number of objects (13) are fitted by this template. The SEDs of AGN1s in our sample do not show prominent spectral features except for a small bump in one band that might be due to contribution of emission lines. Therefore, the photometric redshifts for these objects could have large uncertainties. The optical part of their SEDs is relatively red, implying reddening by dust. There is a break feature at around 4000Å in SEDs of AGN2 and SF except for a few objects showing relatively featureless continuum. This feature is weak but present in most of the objects in the Mrk 231 group. The photometric redshifts are primarily determined by this feature in combination with the overall SED shape.
Results of spectral analysis of seven objects in our sample are presented in Akiyama et al. (2015) , and their measurements of spectroscopic redshifts as well as spectral classifications are also shown in table 2. These spectroscopic redshifts are assumed if available, and the photometric redshifts we derived from the SED fits are used otherwise in the following analysis. The distribution of the redshifts are shown in Figure 4 . three (5%), 38 (72%), and 12 (23%) of the sample are located at z < 1, 1-2, and 2-3, respectively.
X-ray Spectra
We made X-ray spectra of the 53 objects in our sample. The observation log is shown in table 3. X-ray spectra were extracted from a circular region with a radius of 200-300 pixels or 10-15 ′′ . The extraction radius was chosen based on the brightness of an X-ray source and to avoid nearby X-ray sources, if any. Background spectra were extracted from an off-source region in the same CCD chip. The high background regions near edges of the CCD chips were not used. In some cases, the source position is out of the field of view of one or two sensors, and only available data were used in the analysis. Such cases are shown in the footnotes of table 4. Event PATTERN of ≤ 12 and ≤ 4 were used for EPIC-MOS and EPIC-PN spectra, respectively. The total net counts in the 0.5-10 keV band from all the available sensors are shown in table 4. The response matrix files (RMFs) and ancillary response files (ARFs) were created by using rmfgen and arfgen in the SAS package. The X-ray spectra were analyzed using XSPEC version12.9.0n. Since the photon statistics are relatively poor for all the objects, the spectra were binned so that each bin contains at least one count, and fitted by maximum likelihood method using C statistic (Cash 1979) . The errors represent the 90% confidence interval for one parameter of interest. The Galactic absorption were applied to all the models examined below. The Galactic column densities are fixed at the values obtained by the nh tool in the HEASOFT6.19 according to the H I map by Kalberla et al. (2005) . The used NH values are tabulated in table 4.
Apparent spectral slope
We first measured apparent spectral slopes without assuming the source redshifts. A power law model absorbed only by Galactic NH was assumed. The free parameters are a photon index (Γ) and a normalization of the power law. The results are shown in table 4. The apparent photon indices (figure 5) are distributed around Γ ≈ 1.5, which is slightly flatter than those observed in unobscured Seyferts or quasars (Γ ≈ 1.7 − 1.9; e.g., Nandra & Pounds 1994 , Piconcelli et al. 2005 or their intrinsic photon index (Γ ≈ 1.9; e.g., Nandra et al. 2007 ). Only eight objects show very flat best-fit slopes (Γ < 1.0). The observed flux in the 2-10 keV band is summarized in table 4 and figure  6 The fluxes are in the range of 6.0 × 10 −15 − 1.7 × 10 −13 erg s −1 cm −2 .
Absorption column density
We next fitted the X-ray spectra by an absorbed power-law model to constrain the amount of absorption. An intrinsic absorber is assumed to be located at the photometric redshift determined in section 4 or spectroscopic redshift when available.
Since the photon statistics are limited, the photon index is fixed at Γ = 1.9. The free parameters are an intrinsic absorption column density and a normalization of the power-law component. This model provides a good description of the X-ray spectra. One object, J021529.4−034322 (figure8 (a)), shows weak wavy In the following analysis, we use the results of single absorbed power law fits for all the objects. The observed spectra, best-fit absorbed power law model, and data/model ratios for objects with net EPIC-PN counts in 0.5-10 keV greater than 90 (12) objects in total are shown in figure 7 . The spectra taken with EPIC-MOS1 and EPIC-MOS2 are combined for presentation purpose.
The intrinsic absorption column densities thus obtained are tabulated in table 5 and their distribution is shown in figure 8 as a histogram. The best-fit absorption column densities are distributed in the range of log NH = 20.5 − 23.5 (cm −2 ), except for three objects, for which the best-fit value becomes zero. The column densities of most objects are modest, as implied from the apparent slope in the single power-law fits in section 5.1, with a distribution peaking at log NH ≈ 21.5 − 22 (cm −2 ). Note that the derived absorption column densities depend on the assumed redshift. The dependence is approximated by NH ≈ (1 + z) 2.5 NH,z=0 for redshifts greater than ∼ 0.5, where NH,z=0 is the absorption column density obtained by assuming z = 0 in spectral fits. By using the absorbed power-law model, intrinsic X-ray luminosities in the 2-10 keV band (source rest frame) corrected for both Galactic and intrinsic absorption were derived, where photometric or spectroscopic redshifts were assumed. The intrinsic luminosities are shown in table 5 and figure 9. The peak of the distribution of the intrinsic luminosities is around log LX=44.0-44.4 erg s −1 . The boundary between Seyfert and quasar luminosities in X-rays of 10 44 erg s −1 in 2-10 keV is often used, and luminosities of most of objects in our sample are those of quasars or luminous Seyferts. 
Flux ratios
The X-ray fluxes in the 2-10 keV band corrected for the Galactic absorption derived from the absorbed power-law fits (FX) are used to calculate X-ray to i-band flux ratios. i-band flux Fi is defined as ∆λf λ , where ∆λ is a full width at half maximum of the i-band filter transmission (1480Å) and f λ is a flux density at i band in units of erg s −1 cm −2Å−1 .
The i-band magnitude corrected for the Galactic extinction, X-ray flux in the 2-10 keV band corrected for the Galactic absorption, and the distribution of the flux ratios are shown in figure10. The values of flux ratios are summarized in table 6. The FX/Fi ratios for 44 objects are greater than 10, which are classified as extreme X-ray-to-optical flux sources (EXOs). 9 among them have FX/Fi > 50 and are classified as EXO50 that are a class showing most extreme X-ray to optical flux ratios as defined in Della Ceca et al. (2015) using the R band. The deficit of objects with small FX/Fi ratios are due to our selection criteria; we selected X-ray bright (0.2-12 keV EPIC-PN counts greater than 70) and optically faint (i-band magnitude fainter than 23.5) objects.
Discussion
X-ray absorption
We made a sample of 53 X-ray bright optically faint AGNs and analyzed their X-ray spectra. The number of objects for which individual X-ray spectral fit can be performed is much larger than previous works (Perola et al. 2004 , Rovilos et al. 2010 , Dela Ceca et al. 2015 . X-ray spectral fits with an absorbed power-law model show that the X-ray absorption is modest; 43 "<" symbol denotes upper limit for objects with best-fit column density of zero. as Compton-thin AGNs. We examine whether flat X-ray spectra observed in several objects are explained by a Compton-thick AGN. All of the X-ray spectra of seven sources with an apparent photon index of Γ < 1.0 show a clear convex shape peaking at energies 1.2 − 2 keV indicating mild absorption. This shape is not compatible with a reflection dominated X-ray spectrum that is flat, nor a combination of reflected emission and emission Thomson scattered by ionized medium resulting a concave shape. We therefore conclude that our spectra are best explained by a power law model absorbed by at most several tained with XMM-Newton using a much smaller survey area. The observed 2-10 keV fluxes for our sample are in the range of FX = 4 × 10 −15 − 2 × 10 −13 erg s −1 cm −2 . This range covers X-ray fainter sources compared to objects found in the HELLAS2XMM survey and XMDS by a factor of two (Perola et al. 2004 , Tajer et al. 2007 ). Therefore, we found no evidence for emergence of new properties in the covered flux range. On the other hand, previous studies of X-ray bright optically faint AGNs using Chandra show a larger fraction of objects with flatter slope than those for our sample. This discrepancy might be partly due to the flux range. In Chandra studies using deep fields, fainter sources (mostly < several ×10 −15 erg s −1 cm −2 ; e.g., Civano et al. 2005 ) are sampled, and heavily absorbed AGNs with a similar luminosity could be detected. Another possible selection bias is our use of full band X-ray counts in the sample selection. The effective area of XMM-Newton is larger at soft X-rays and more sensitive to less absorbed objects.
Next we test whether the relation between the optical faintness of our sample is related to the X-ray absorption (NH). As shown in figure 11 , a correlation between X-ray to i-band flux ratio (FX/Fi) and NH is not clear. Hereafter, we use Xray fluxes corrected for the Galactic absorption derived from the absorbed power law fits and i-band fluxes corrected for the Galactic extinction. All of the NH value of most extreme objects with log(FX/Fi) > 1.9 are greater than 10 22 cm −2 , although it is not clear whether this trend is real or due to the limited sample size.
X-ray absorption column densities obtained for our sample are mostly in the range log NH ≈ 20.5 − 23.5 cm −2 , which corresponds to an extinction of EB−V =0.054-54 or AV = 0.17-170 if standard conversion factors of AV /EB−V = 3.1 and NH/EB−V = 5.8 × 10 21 cm −2 mag −1 (Bohlin et al. 1978 ) are assumed. We examine whether this amount of absorption is sufficient to obscure the central AGN in the optical and to explain the optical faintness of our sample. If the intrinsic SED between optical and X-ray is represented by a template of unabsorbed radio quiet quasars assembled by Elvis et al. (1994) , the slope between the V band and 1 keV is log νFν,V − log νF ν,1keV ≈ 0.6. The flux ratios of FX/Fi = 10 and 50 correspond to AV = 1.5 and 3.3 if a quasar is the only source of radiation. The NH values required for these AV values are 2.8 × 10 21 and 6.2 × 10 21 cm −2 , respectively. The best-fit NH values of 15 objects do not exceed the former value and the optical faintness cannot be explained if the standard conversion factor is assumed. The SEDs of most objects show signature of stellar emission component in the optical band in the source rest frame, the extinction necessary to hide a large fraction of AGN emission should be higher than these AV values. Therefore, EB−V /NH values are suggested to be larger than the standard value for at least a part of the sample. This condition implies a large dust/gas ratio in galaxies in our sample and then smaller NH could give stronger reddening. This dust rich nature of our sample is consistent with the significant infrared emission seen in the SED. Note, however, that EB−V /NH values in AGNs are suggested to be smaller than the Galactic standard value (Maiolino et al. 2001) , which is in the opposite sense to our case. Their sample consists of Seyfert galaxies showing at least two broad lines in optical/infrared with NH measured by X-ray, which are ordinary AGNs in terms of X-ray to optical flux ratios. Thus the dust rich nature is suggested to be related to optical faintness in our sample.
The peak of the number density of AGNs of an X-ray luminosity of 10 44−45 erg s −1 , which is typical for our sample, is at around z ∼ 1.6 (Ueda et al. 2014) . Redshifts for most of objects in our sample (50 objects) are located at a redshift in a range between 1.0 and 2.7, which coincides with the peak of the number density. The observed modest X-ray absorption column densities indicates that they are not missed in surveys at <10 keV (or <30 keV at z = 2). On the other hand, the optical faintness means relatively deep surveys are necessary to fully sample this class of objects in the optical. [3.6] colors are shown in table 6. The locus occupied by the objects in our sample is in accordance with the known trend that optically faint X-ray bright objects have redder color between the near infrared and optical bands (e.g., R − K, R − [3.6]; Brusa et al. 2010) . The i − [3.6] colors are in the range of 2.7-7.5 indicating very red color and faintness in the i band compared to 3.6 µm. Open and filled symbols in figure12 are objects with log NH < 22, and > 22 cm −2 , respectively. There is no clear evidence that these groups of small and large absorption show different i − [3.6] colors. All the objects in our sample are detected at both 3.6 µm and 4.5 µm bands. The results of SED fits indicate the presence of significant amount of dust in most of the objects in our sample. Only five objects are fitted by type 1 AGN template, and the rest of the objects are represented by type 2 AGN or SF galaxy. The AV values of the five objects showing Type 1 SED are in the range of 1.1 − 2.3 leading to a relatively red SED in the optical and a large FX/Fi ratio. Furthermore, most objects show significant infrared emission; a large fraction of the sample (44 of 53) are explained by SED of ultraluminous infrared galaxies (ULIRGs), starburst galaxy, AGN with emission from dusty torus, or type 2 AGNs, in which rest-UV and optical emission are reddened by dust. In the cases that normal galaxy templates are applied to the optical and near infrared SED up to K-band, significant infrared excess over the model is seen at 3.6 µm, 4.5 µm, and longer wavelengths (if data is available) in most objects. These results indicate that objects in our sample show strong infrared emission from AGN and/or star formation activity and the presence of remarkable amount of dust, and the presence of dust heated by AGN is in agreement with the red color in the near infrared band. The extinction caused by the dust is thus likely to contribute to the faintness in the optical band.
Optical/Infrared Color, SED, and Optical Faintness
Another cause of optical faintness is the SED shape of stellar component of host galaxies. AGN emission is likely to be attenuated by dust in the rest-UV and optical bands, and host emission can be observed. Most of the observed SED show a break feature at 8000−11000Å in the observed frame. Such features are well explained by galaxy component seen in the templates except for cases fitted by type 1 AGN template or a few objects showing no clear features. The determined redshift are greater than 1.0 except for three cases. At z > 1, the 4000 A break shifts to the i or redder bands. Therefore the combination of the break feature and the redshift range is another likely cause of the optical faintness.
The presence of the break feature implies that the central AGN is obscured and that stellar component of host galaxies is significantly present in the optical emission. We examine the contribution of host by comparing PSF and cmodel magnitudes. Figure 14 shows the difference of PSF magnitude and cmodel magnitude in the i band plotted against absorption corrected X-ray luminosities in the 2-10 keV band in the source rest frame. SED types of AGN1, AGN2, and SF are shown as different symbols. The figure indicates the presence of extended emission component up to 0.8 mag in a large fraction of objects being consistent with a significant contribution of host emission to the observed SED. There is no clear evidence for a correlation between extendedness and X-ray luminosity, implying AGN component is absorbed by dust even in luminous (> 10 44 erg s −1 ) AGNs.
Mid-infrared emission and obscuration of AGN
Ten objects in our sample are detected at 24 µm in the SWIRE survey. Four of them have a 24 µm to i-band flux density ratio f24/fi greater than 1000 (or i − [24] > 7.5; table 6) satisfying the criterion of DOGs, where we use i band instead of R band used in the original definition (Dey et al. 2008) . f24/fi ratios for two objects (J021721.9−043655 and J022337.9−040512) are greater than 2000 and are classified as extremely dust obscured galaxies (EDOGs). The absorption column densities of these EDOGs and two DOGs with 1000 ≤ f24/fi ≤ (Corral et al. 2016 ). These modest absorption and the paucity of Compton-thick AGNs in X-ray detected DOGs are in agreement with the measurement in the present sample. Note, however, that X-ray emission is extremely extinct even at hard X-rays (>20 keV in the source rest frame) if absorption column density is greater than ∼ 10 25 cm −2 (Wilman & Fabian 1999 , Ikeda et al. 2009 ). Current Xray surveys are biased against such extreme cases, and therefore systematic X-ray follow up observations of optically/infraredselected DOGs is necessary to fully understand the true nature of this population. A part of X-ray undetected DOGs are indeed suggested to be heavily obscured quasars (Corral et al. 2016) .
If an AGN is energetically dominant, mid-infrared emission predominantly comes from warm/hot dust heated by AGN, and then a good correlation between X-ray and mid-infrared luminosity is expected unless X-ray emission is significantly attenuated by absorption (Gandhi et al. 2009 , Mateos et al. 2015 , Asmus et al. 2015 , Ichikawa et al. 2017 . According to the correlation between 22 µm and hard X-ray luminosity in 14-195 keV in Ichikawa et al. (2017) , an X-ray to mid-infrared luminosity ratio (LX/λL λ,MIR ) of 0.48 is expected for an X-ray luminosity in the 2-10 keV band of log LX = 44 (erg s −1 ), which is typical for our sample with 24 µm detection. In the conversion between luminosities in 14-195 keV and 2-10 keV, an unabsorbed AGN spectrum of Γ = 1.9 is assumed as in Ichikawa et al. (2017) . X-ray to mid-infrared luminosity ratios for the ten sources with 24 µm detection range from 0.56 to 7.2 (table 6) . These values are close to or even higher than the expected ratio. This fact indicates that our absorption correction is reliable and that the X-ray emission is not obscured by Compton-thick matter.
Summary and Conclusions
We constructed a sample of X-ray bright optically faint AGNs by combining Subaru HSC, XMM-Newton, Spitzer and UKIDSS surveys. From a parent sample of i > 23.5 mag and X-ray counts with EPIC-PN in 0.2-12 keV >70 in the part of the XXL survey area covered by Spitzer public catalog, 53 X-ray bright optically faint AGNs are selected by matching X-ray, 3.6 µm, and i-band sources. The wide area used in this study (9.1 deg 2 ) enabled us to create a large sample for which X-ray spectral analysis is possible. Optical/infrared SEDs were created and fitted by templates of various types of galaxies, then photometric redshifts were determined. The nature of the selected sources were investigated by using SEDs, X-ray spectra, optical/infrared colors. Their properties are summarized as follows.
1. FX/Fi ratios of 44 objects among 53 sources are greater than 10 and classified as extreme-X-ray-to-optical flux sources (EXOs). 9 among them have FX/Fi > 50 that are EXO50s.
2. SEDs are represented by AGN2 or SF templates, except for five objects fitted by AGN1. Most objects show a break feature at around 8000-11000Å in the observed frame that is likely to be from stellar component of the host galaxies. Red optical/infrared colors suggest that the central AGN is dust obscured. The determined redshifts (mostly z = 1.0 − 2.2) coincide with the peak of the number density of AGNs of X-ray luminosity 10 44−45 erg s −1 .
3. X-ray spectra were well represented by an absorbed power law model with a fixed photon index of 1.9. The best-fit intrinsic absorption column densities at the source redshift are mostly in the range of log NH = 20.5 − 23.5 cm −2 . These modest absorption column densities are in agreement with studies of similar populations (EXOs and DOGs). The measured NH values are not always sufficient to obscure AGN emission in the optical band to explain the SED shape. A large dust/gas ratio would be required in a part of our sample.
4. 20 objects among 53 (38%) are classified as type 2 quasars. This fraction indicates that our selection criteria efficiently sample type 2 quasars.
5. Among 10 objects with 24 µm detection, four are classified as DOGs defined as f24/fi >1000. Two objects are EDOGs with f24/fi >2000. X-ray to 24 µm ratios implies that our X-ray sources are not obscured by Compton-thick matter and that our absorption corrections are reliable.
6. The most likely causes of optical faintness in our sample is a combination of spectral break of the stellar component redshifted to the band redder than the i band (i.e., z > 1) (except for several objects with relatively featureless SEDs), significant dust extinction in the rest frame UV and optical bands, and in part a large ratio of dust/gas.
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Appendix. i band and 3.6 µm images i-band and 3.6 µm images of 49 objects, which are not shown in figure 2, are presented in the electronic version of this paper. Akiyama et al. (2015) . § Spectroscopic classification in Akiyama et al. (2015) . NLA: Narrow-line AGN, BLA: Broad-line AGN. # Note. a: Redshift range in fit was ristricted to 1 < z < 2. b: Spitzer data was excluded in fit. c: Redshift range in fit was ristricted to 2 < z < 3. Notes. * cmodel magnitude in i band. Galactic extinction is not corrected. † X-ray to i-band flux ratio. F X is X-ray flux in the 2-10 keV band corrected for the Galactic absorption, and F i is ∆λF λ at i band corrected for the Galactic extinction. ‡ X-ray to 24 µm flux ratio. F X is X-ray flux in the 2-10 keV band corrected for the Galactic absorption, and F λ is flux density at 24µm in units of erg s −1 cm −2Å−1 .
